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1   Background
In RAN#75, the new WI on New Radio Access Technology was approved [1]. According to the latest TU allocation [2], there are 2 TUs allocated in this meeting. In RAN4#86bis meeting, NR FR1 CSI requirements were discussed and agreements were captured in [3] and [4] as
· CSI reporting requirements
· CQI reporting
· PMI reporting
· RI reporting
· FFS for:
· CRI reporting
· CRI/L1-RSRP reporting
· LI reporting
In this contribution, we further discuss CSI tests for NR FR1 and present our proposals.
2   Discussion

For NR, UE procedure for reporting CSI is presented in TS 38.214 clause 5.2. The general description for CSI is given as:
CSI may consist of Channel Quality Indicator (CQI), precoding matrix indicator (PMI), CSI-RS resource indicator (CRI), layer indication (LI), rank indication (RI) and/or and L1-RSRP.
According to the description, main components for CSI in NR are

· CQI

· PMI

· CRI

· LI

· RI

· L1-RSRP

Compared with LTE, NR CSI newly added CSI components are LI and L1-RSRP. In addition, dependencies between CSI parameters (if reported) are specified for UE to calculate CSI parameters (if reported):
-
LI shall be calculated conditioned on the reported CQI, PMI, RI and CRI

-
CQI shall be calculated conditioned on the reported PMI, RI and CRI

-
PMI shall be calculated conditioned on the reported RI and CRI

-
RI shall be calculated conditioned on the reported CRI.

For CQI/PMI/CRI/RI requirements, methodologies from LTE can be considered as the starting point. For LI/L1-RSRP requirements, further discussions are needed.
In [5] we provide reviews of CSI requirements for LTE and some considerations for NR FR1. In RAN4#86bis meeting, since the limited time, general guidelines were agreed while details were not fully discussed. According to the agreements, RAN4 should define at least CQI/PMI/RI tests. For CSI reporting/L1-RSRP reporting and LI reporting, the test purpose and test methodologies are still under discussion.
In the following part, we discuss these CSI components respectively.
CQI
According to the agreements, RAN4 will introduce CQI tests for NR to ensure accuracy of CQI reporting. There are two CQI tables in current Spec, one for reporting CQI based on QPSK, 16QAM and 64QAM, the other for reporting CQI based on QPSK, 16QAM, 64QAM and 256QAM. CQI table 3 is still TBD. Actually, these two CQI tables are same with CQI tables in TS 36.213. For the new CQI table 3, RAN4 should further discuss after completion of RAN1 Spec.
TS 38.214 Table 5.2.2.1-2: 4-bit CQI Table

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


TS 38.214 Table 5.2.2.1-3: 4-bit CQI Table 2

	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	out of range

	1
	QPSK 
	78 
	0.1523 

	2
	QPSK 
	193 
	0.3770 

	3
	QPSK 
	449 
	0.8770 

	4
	16QAM 
	378 
	1.4766 

	5
	16QAM 
	490 
	1.9141 

	6
	16QAM 
	616 
	2.4063 

	7
	64QAM 
	466 
	2.7305 

	8
	64QAM 
	567 
	3.3223 

	9
	64QAM 
	666 
	3.9023 

	10
	64QAM 
	772 
	4.5234 

	11
	64QAM 
	873 
	5.1152 

	12
	256QAM 
	711 
	5.5547 

	13
	256QAM 
	797 
	6.2266

	14
	256QAM 
	885 
	6.9141

	15
	256QAM 
	948 
	7.4063 


The ReportFreqConfiguration indicates the reporting granularity in the frequency domain, including the CSI reporting band and if PMI/CQI reporting is wideband or subband. For NR CQI tests, both wideband and subband should be considered.
Proposal 1: For NR FR1 CQI tests, consider both wideband and subband test cases.
For subband, detailed subband size configurations are given in Table below.
TS 38.214 Table 5.2.1.4-2: Configurable subband sizes

	Carrier bandwidth part (PRBs)
	Subband size (PRBs)

	 < 24
	N/A

	24 – 72
	4, 8

	73 – 144
	8, 16

	145 – 275
	16, 32


PMI

According to the agreements, RAN4 will introduce PMI tests for NR to ensure accuracy of PMI reporting. In NR, four types of codebooks are specified:

· Type I single-panel codebook

· Type I multi-panel codebook

· Type II codebook

· Type II port selection codebook
The frequency granularity for PMI reporting is indicated by PMI-FormatIndicator, including single PMI or multiple PMI, which should be taken into consideration.
For NR FR1, we can use Type I single-panel codebook as the starting point since in LTE FD-MIMO and eFD-MIMO WI RAN4 has already defined PMI reporting test cases based on similar codebooks.
Proposal 2: For NR FR1 PMI tests, use Type I single-panel codebook as the starting point.
RI
According to the agreements, RAN4 will introduce RI tests for NR to ensure accuracy of RI reporting. According to aforementioned dependency:

-
RI shall be calculated conditioned on the reported CRI.

So if multiple CRIs are possible, UE should report CRI first and then report RI accordingly. The legacy test metric  and  should be further discussed for NR RI tests.

Proposal 3: For NR FR1 RI tests, consider to reuse test metric  and  as the starting point.
CRI

According to the agreements, the introduction of CRI tests are FFS. Since RAN4 has already introduced CRI tests in FD-MIMO WI, we propose to introduce CRI tests in NR as well.
Proposal 4: Introduce CRI tests as one part of NR FR1 CSI tests.
If multiple CSI-RS resources are configured, CRI reporting accuracy should be tested. According to the description form TS 38.214:

· Each CSI Resource Setting CSI-ResourceConfig contains a configuration of S≥1 CSI Resource Sets, with each CSI Resource Set consisting of CSI-RS resources (comprised of either NZP CSI-RS or CSI-IM) and SS/PBCH Block resources used for L1-RSRP computation. Each CSI Resource Setting is located in the DL BWP identified by the higher layer parameter bwp-id, and all CSI Resource Settings linked to a CSI Report Setting have the same DL BWP.
So totally S CSI resources are configured and UE should report best CRI for current operation.
LI

According to the agreements, the introduction of LI tests are FFS. According to aforementioned CSI dependency:

· LI shall be calculated conditioned on the reported CQI, PMI, RI and CRI
Since LI is newly introduced CSI component it should be verified in RAN4 CSI tests. The detailed test metric and test configuration should be further discussed.

Proposal 5: Introduce LI tests to verify the reporting accuracy in RAN4 CSI tests.
L1-RSRP
According to the agreements, the introduction of L1-RSRP tests are FFS. According to the description in TS 38.214:

· If a UE is configured with the higher layer parameter CSI-RS-ResourceRep set to 'ON', the UE may assume that the CSI-RS resources, within the resource set are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the resource set are transmitted in different OFDM symbols.
So if corresponding test cases are introduced, L1-RSRP should be tested under the condition of CSI-RS-ResourceRep set to 'ON'. Since RSRP measurement tests are introduced in RAN4 RRM test in LTE, RAN4 should further discuss whether to introduce L1-RSRP test cases in Demod part or RRM part.

Proposal 6: FFS whether to introduce L1-RSRP test cases in Demod part or RRM part.
3   Conclusion
In this contribution, we give detailed simulation assumption and simulation results for 8Rx rank lower than 4 test cases. Alignment results are given in table below.
Proposal 1: For NR FR1 CQI tests, consider both wideband and subband test cases.
Proposal 2: For NR FR1 PMI tests, use Type I single-panel codebook as the starting point.
Proposal 3: For NR FR1 RI tests, consider to reuse test metric  and  as the starting point.
Proposal 4: Introduce CRI tests as one part of NR FR1 CSI tests.
Proposal 5: Introduce LI tests to verify the reporting accuracy in RAN4 CSI tests.
Proposal 6: FFS whether to introduce L1-RSRP test cases in Demod part or RRM part.
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